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A TAPERED POLOIDAL GAP FOR THE

REDUCTION OF FIELD ERRORSt

by

R. W. MOSES

Los Alamos National Labomtory

Los Alarnos, NM 87545

The conventional Reversed Field Pinch is surrounded by a toroidal conducting shell

that provides wall stabilization for the plasma. [Isually, this shell is made of aluminum or

copper, and it must hav~ an insulated po]oidal gap to permit penetrations of toroidal loop

voltage to the plasma. Many magnetic fiel[i perturbations will induce toroidal shell currents

wit h poloicial Fourier components having mde numbms m ~ 1, A butt-joint poloidal gap

v’ill mode convert all of these image currents into potentially damaging magnetic-field

errors with large spectra of toroidal-modr numbers. Overlapping tapered gaps have been

propos..; and partially tested for reducing these field errors.1’2 The mathematical basis

for minimizing the n~ = 1, n = O field errors for all frequencies using tapered gaps, is

prwwnted in this paper.

Thp d+tails {>ffield errors at n poluidal gap and corresponding plasma effects will be

cliscusscd in a fut~irr paper .3 This not? dmcribes the thw.wd!:td ~~ais for the overlapping

tapered poloidtd gap that has been proposed for ZTH.

A cylindrical Inmlel is used to repres~t~t the shel]. The z-axis is the minor axis of

ll~~chinr, O is ihr poloidn~ angk, and r is the radial coordinate. Tl~e thin shd] is of radius

a aIId thicknws T~ (away from th? gap). AH of th? shell has resist ivity q.

An externa! vertical field is applid to tll~ slIell at a frequ~ticy u*,
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From hereon the frequency term e‘*W*is assumed to be present but not specified.

The thin shell approximation is used where the skin depth of the shell material is

much greater than the shell thickness,

Note that this paper is written using S1 units.

It is a textbook

thin cylinder are

B,

●xercise to show that the total internal and external fields

= B,(fsind +~cos 6), r<a– To/2

and

where

11, -= B“(I - Iu’?”) ,

R. = i~”r.l?, ,

and,

To = p.aTo/2rj .

(2)

for a straight

(3)

(4)

,).



Subscripts 1 and 2 dennlr the lrft MI(I ri~ht

designed to have a t.hrw piwe gap as ill Fig

interface with the toroidal ficl(l of an R l;l). In

taper are each half of tl ~ t hickm-ss 7’1( : ).
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It. is possible to choose a variety of W] and ti’2 ful]ct.ions t Ilal sat isfy Eqs. (9) and ( 10) and

solve for T(:). AN obvious hut I1OInecessary cl]oice of current distril]utions is

Ilpon solving Eq. (13) with T(2) as the depf=Iltlf=IIlvarialde me gf=ts

‘[()To
(A’fl)’ji:-) ~

‘()

7:,
sill(21’: ) I

. J 7’ ‘“s2 ‘“: ‘-”] = o “

(!nrcful malysis 0[ tlw Ix.mndnry C[lll(liti(ltts (m I;(I. ( 1~1) gives

‘1’(o) lr~ (1?

1;, ‘ ‘ 2(’?

Flll(l

7’(() () ,

(lfi)

(Ifi)
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Figure 2. Com;mtml taper thicknpss a~ a function of t.oroidal coordinate, :, and owral]

gap lmgt h t/a,


